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Abstract. —We conducted a socioeconomic survey and review of existing biological data in an
integrated evaluation of current and hypothetical fishery regulations on crappies Pomovis spp. in
Sardis Lake. Mississippi. The objectives of this study were (o (1) assess angler acceptance of
current and hypothetical harvest restrictions, (2) determine the recreational vulue of the crappie
fishery to its participams, {3) estimate possible changes in recreational value bused on angler
responses to hypothetical regulations, and (4) integrate the results of the sociocconomic surveys
with existing hiological information. Using the travel cost method, we estimated mean expenditures
at US$29.48 und average consumer surplus per angler per trip ut $8.88. We cstimated 75.001
crappie angler trips in 1995, yielding an annual consamer surplus for the Sardis Lake crappic
fishery of $671,000 and a gross willingness 1o pay (GWP) of $2.9 million. Hypothetical changes
in creel limits would have greater effects on the crappie [ishery than would changes in length
limits. If a creel limit of 10 crappies/d were implemented. 24,986 fewer angler tips could be
expected, reducing both consumer surplus and GWP approximaiely 33% ($222.000 and $958.000,
respectively). Changes in angler trips related to length limits were small (<4%) until a 3i-cm
length limit was proposed, for which 7.035 tewer angler trips could be expected, reducing consumer
surplus and GWP approximaicly 9% each (501,900 and $270.000. respectively). Biological eval-
uations of the effects of length and creel limits suggested they are unlikely to affect crappic
populations unless they are much more restrictive than current regulations. Combined. biological
and socioeconomic information supported continning the current 25.4-cm length limit and

30-fish/d creel limii.

Freshwater fisheries are an important renewable
resource. Resident and nonresident anglers spent
9,732 million angler-days and US$703.692 million
in Mississippi in 1996 (USFWS 1996). Despite the
importance of fisheries to regional, state, and local
economies, regulatory decisions often are made
with little information on the possible sociceco-
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nomic ¢ffects of regulations. Because people are
the ultimate beneficiarics of tisheries management,
fisheries professionals should consider the social
and economic cffects of their management efforts
{(Weithman 1993). Knowledge of the sociceco-
nomic cffects of various harvest restrictions will
allow fishery managers to develop and evaluate
regulations that address the needs of the fishery.

Valuation of natural resources is necessary (o
substantiate management actions and allocation
decisions {Weithman 1993). An estimate of the
recreational value ol a fishery is necessary in eval-
uating potential effects of harvest restrictions on
a fishery and enables evaluation of the interactions
between changes in harvest restrictions and the
value placed on the fishery.
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Biological and socioeconomic data can be com-
bined (o develop fishery management plans that
address the goals and viewpoints of anglers and
fishery managers (Prochaska and Cato 1983). Har-
vest restrictions may meet goals of maintaining
the biological health of a fish population yet may
be unsuccessful if the regulations are not accepted
by anglers or reduce angler participation in the
fishery. To determine if harvest restrictions are
successful overall. an cevaluation of their effeets
on the fish population and the sociocconomic en-
vironment in which that fishery exists is necessary.

Analysis of the social effects of current and hy-
pothetical harvest restrictions can provide man-
agers with information about anglers’ acceptance
of current restrictions and direction for future man-
agement. Placing management decisions in the
context of an cconomic decision-making process
may make decisions concerning the resource more
objective and may more accurately reflect the rec-
reational value placed on that resource by ils users.
The objectives of this study were 1o examioe the
crappie fishery in Sardis Lake, Mississippi. and
(1) assess angler acceptance of current and hy-
pothetical harvest restrictions. (2) determine the
recreational value of the fishery to anglers. (3)
estimate possible changes in recreational value
based on angler responses 1o hypothetical regu-
lations, and (4) integrate results of our socioeco-
nomic surveys with cxisting biological informa-
tion.

Study Area

Sardis Lake is a flood control reservoir im-
pounded in 1939 by the U.8. Army Corps of En-
gineers as part of the Yazoo River basin flood con-
tro]l project. The reserveir has a surface area of
23,675 ha at tull pool. A 25.4-cm length limit for
crappies was established in 1989, and a creel limit
of 30 crappies/d was established in 1992,

Sardis Lake occupies parts of Panola. Marshall.
and Lalayette counties, Mississippi. Ofa total pop-
ulation of 306,424 in the three-county region,
134,400 arc anglers who fished 2,526,800 angler-
days in 1985 (USFWS 1988: USDC 1992a). The
North Mississippi region (as described by Miranda
and Frese 1989). which encompasses Sardis Lake,
had the highest percentage ol anglers who fished
reservoirs and spillways below dams. The reser-
voir is a 1-h southerly drive from Memphis, Ten-
{(population 981747, USDC 1992b),
Roughly half of Sardis Lake anglers come from
the Memphis arca. a third from the surrounding
counties, and the remainder from other Mississippi
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countics and states. particularly Missouri (K. O,
Meals. unpublished).

Methods

Onsite interviews.—Socioeconomic and fishery
data were collected from anglers during a roving
creel survey conducted by personnel of the Mis-
sissippi Department of Wildlife Fisheries and
Parks (MDWFP} in April-October 1995, In ad-
dition to collecting target species, cateh. and effort
information. crappie anglers surveyed were asked
their county of origin. fishing trip expenditures.
and distance traveled. Anglers targeting crappies
were alse asked questions identilying certain de-
mographics that we used to classify the anglers
into one of four crappie angler groupings: occa-
sional, generalists. springtime, and specialists (as
advanced by Allen and Miranda 1996). The crap-
pie anglers were also provided with a postage-paid,
mail-in survey seeking additional information (de-
scribed in next section}.

Mail-in survev.—The mail-in survey was de-
signed to provide a profile of crappic anglers. to
ideatify the level of angler understanding and sat-
isfaction with existing regulations, and to obtain
information to predict angler response to changes
in the existing regulations. Questions included
number of trips made by crappic anglers by season.
scaled guestions concerning satistaction with cur-
rent and hypothetical regulations. and anticipated
change in fishing effort relative to hypothetical
regulations. The data were summarized by mean,
standard deviations. and pereent response.

The demographic data coilected from the creel
survey were uscd to assess whether certain seg-
ments of the crappie angler population were more
or less likely to participate in the mail-in survey
than others. Each mail-in survey wus assigned a
number that was written on the creel card at the
lime of the interview. so the two were cross-ref-
erenced, Cross-relerencing by number allowed lor
the subsequent nonresponse analysis, retained re-
spondent anonymity. and prevented double-sam-
pling of anglers for both the creel and mail sur-
veys. Angler characteristics identified from the
creel survey were analyzed to identify differences
that might identify nonreporting biases associated
with the mail-in survey. Bias associated with dis-
proportionate returns of the mail-in questionnaire
by angler segments was assessed with techniques
originally described by Heckman (19791, and mod-
ified or described by Greene (1981). Hartman
(1991). and Munn and Rucker (1994). The pro-
cedurce treats the bias resulting trom nonrandom
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sampies as a model specification error (Heckmun
1979). The first step was to estimate the probability
of an angler participating in the mail-in survey.
An angler’s probability of participating was mod-
cled as a function of the explanatory variables.
This probability was estimated using logistic re-
gression in which the explanatory variables con-
sidered were bank or boat angler (BKBT). artificial
or live bait (BAIT). number of fish kept (NKPT),
mites traveled (MILE), wip cost (TCST). use of
specialized crappie poles (YPLS), race (RACE),
use of depth finders {YDPTH}. gender (GNDR).
and whether fishing occurred primarily in the
spring or year-round {FSEASON). The linear lo-

gistic model was
logit{ p)
=« + B,(BKBT) + B,(BAIT} + B;(NKPT)
+ B,(MILE) + B{(TCST) + B,(YPLS)
+ B (RACE) + BYDPTH) + B,{GNDR)
+ B,,(FSEASON), (1

where logit{p) is the logistic probability of partic-
ipation. ¢ is intercept estimate, and B; is a param-
eter estimate.

Significance was determined by a —2 log-like-
lihood chi-squarc at « = 0.05. If the chi-square
value was not significant. we assumed there was
no difference beitween respondents and nonre-
spondents and that no adjustment for dispropor-
tionate returns was needed. 1f bias was shown,
Hartman’s (1991) modification of step 2 of Heck-
man’s (1979) procedure was necessary to deter-
mine whether response rates differed by angler
characteristics,

Economic  surveyv.—Recreational value (con-
sumer surplus) of the fishery to individual crappie
anglers was estimated using the travel-cost method
(TCM). In the TCM, cost is a function ol quantity
ot the product demanded, in this case, trips per
year, Consumer surplus represents the maximum
amount above actual expenditures that resource
uscrs are willing to pay to continue to fish, which
was obtained by regressing travel cost on fishing
effort (Weithman 1986; Taihelm et al. 1987 Free-
man 1992).

Travel cost information. defined as expenditures
per angler per trip, was collected during the onsite
creel interviews. Qut-ot-pocket expendifures cs-
timated by anglers included fuel, hait. ice, food,
and lodging. In conjunction with distance traveled.
opportunity-cost of traveling time (the wages that
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could have heen earned during travel time) was
estimated (Cole et ab. 1986) with the wage set at
USS4.25 (1993 minimum wage) and average driv-
ing speed of 64 kph {American Automobile As-
sociation 19903, The cost per trip to Sardis Lake
{CPT) was calculated as tollows:

CPT = TC + EX. 12)

where EX is expeaditures, and TC is the round-
trip travel cost or TC = 54.25/h X Ztmileage/64
kph}.

Because the relationship between cost and de-
mand was nonlinear, nonlincar least-squares re-
gression was used to estimate the individual angler
cost function, as fotlows:

C, = B,TTH (3)

where C, is the ith angler’s mean cost per trip to
Sardis Lake, B, is intercept parameter estimate, B,
is slope parameter estimate, and TT, is total trips
for each angler per year.

The average cost per angler was computed as
the mean number of trips to the site. Consumer
surplus was estimated as the arca under the esti-
mated cost function but above the average cost.
The area under the curve was determined by in-
tegrating the equation for the cstimated cost tunc-
tion over the interval 0—C, where C is the mean
number of trips. This arca represents gross will-
ingness 1o pay (Figure 1), Te estimate consumer
surplus per ycar the area ol the polygon repre-
senting actual expenditures was computed and
subtracted from gross willingness to pay. To es-
timate mean consumer surplus per angler per trip,
the annual consumer surplus estimate was divided
by the mean number of trips (Figure 1). Asymp-
totic 95% confidence interval (CI) estimates for
the slope and intercept parameters were used to
compute the 95% CI around the estimate of meun
consumer surplus {SAS Institute 1994),

Aggregate demand  estimates.—Roving  creel
data using nonuniform probability sampling were
used to estimate total trips per year madce by crap-
pie anglers based on methods for determining ef-
fort developed by Malvestuto et al. (1978) and
Malvestuto (1996). Creel sampling had two com-
ponents: angler counts and angler surveys (i.e.,
interviews). Counts were conducted systemalical-
ly by boat. The lake was divided inte five sections
s0 counts and surveys could be conducted by boat
within the 4-h creel period. Lake sections were
selected randomly with a probability propaortional
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FiGure | .—Nonlinear regression model used to estimate the consumer surplus for crappie anglers in Sardis Lake,
Mississippl, in 1945, Polygon A represents consumer surplus, polygon B current expenditures. and puint C the
meun number of trips per year per angler. Polygons A plus B equal gross willingness to puy. The response variable
C; in the model is cost per angler per trip, the variable TRYR represents the trips per angler per vear, and N =

sample size.

to the amount of fishing effort expected to occur
within the sections.

Angler creel surveys were conducted within the
randomly selected sections. The angler survey was
divided into time blocks of 1 month and the blocks
were divided into sampling units of 4 h/d. A sam-
pling day contained three sampling units: AM
(0600 to 1000 hours), noon (1000-1400 hours),
and PM (1400-1800 hours). Times were shifted ]
h forward during daylight savings time. The pro-
portional fishing effort was determined from over-
flight data for the years 1988-1990. provided by
the MDWFP. Sampling units were stratified by
weekend days or week days because fishing cffort
varied: 4 weekdays and 4 weekend days were sam-
pled monthly. Each fish species sought by anglers
were identified and coded. Additionally. anglers
were asked to identify if there targel species was
crappie. Each crappie angler was counted as a
crappic trip for the purposes of estimating aggre-
gate demand. Data were expanded as described by
Malvestuto et al. (1978). except that only the total
number of anglers targeting crappies was deter-
mined for each monthly sampling period stratified
by weckend and weekdays (i.c., we did not expand
catch or effort). The total number of crappie an-
glers was determined by summing the number of
anglers tor cach monihly sampling period.

Creel surveys were not done during the winter
months (November—March). A winter cstimate
was obtained by using the breakdown of trips by
scason indicated in the mail-in survey. The pro-
portion of the number of trips for the winter versus
all seasons was calculated. This value was then
vsed to derive the proportional number of trips that
would have been taken during the winter, based
on aggregate demand estimates obtained from the
7 mouths in which creel surveys were conducted.

The TCM cstimate of economic value was ex-
trapolated to the crappie fishery based on the es-
timate of total demand. This was done by multi-
plying the anoual aggregate demand estimate by
the TCM estimate of consumer surplus per crappie
angler per trip and gross willingness 1o pay per
crappie angler per trip.

Changes in aggregaie demand were estimated
from responses to hypothetical harvest regulations
provided in the mail-in survey. Estimates were
bascd on the percentage of crappie anglers who
indicated they would quit fishing in respense to
different harvest restrictions. and by assuming a
3% increase or decrease in effort for anglers who
responded by saying they would fish more or less,
respectively. Aggregate consumer surplus was es-
timated from these changes in aggregate demand.

Changes in aggregate demand based solely on
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survey responses do not consider changes in in-
tercept or slope parameter estimates of the TCM
regression equation and ultimately, consumer sur-
plus for individual anglers. Consequently. changces
in intercept and slope estimates were tested. Equa-
tion (3) was linearized and a dummy variable
(DMY) identifying the adjusted and unadjusted
data was created to test for dilferent intercepts
(Afffi and Clark 1990}, The interaction between
the dummy variable and the unadjusted and ad-
justed trips {(DMYXTRYR) was used o tesi for
differences in siope estimates (Affifi and Clark
1990). The linearized regression equation was

LNCOST = LNTRYR + DMY
+ DMYXTRYR: (4}

LNCOST = log, of the ith angler’s cost per trip
to Sardis Lake, LNTRYR = log, of trips/angler/
year, DMY = a dummy regressor variable iden-
tifying adjusted and unadjusted demand estimates,
and DMYXTRYR = the DMY and LNTRYR in-
teraction variable that tests for differences in slope
of the adjusted and unadjusted demund estimates.

If the estimated coefficient for either DMY or
DMYXTRYR waus significant (o = 0.05), the new
TCM equation (3) was then integrated to estimate
4 new consumcr surplus value based on the ad-
justed data. This consumer surplus value was then
extrapolated to the entire crappie fishery based on
adjusted aggregaee demand.

Results
Nonresponse Bias

The chi-square cstimate of model (it indicated
the nonresponse model did not explain a signifi-
cant portion of the variability in response rates
based on the variables considered (x? = 11.99. P
= (0.29: Table 1). Thesc results indicate the mail-
in survey respondents did not differ from nonre-
spondents and no adjustments for nonrespondents
Was NeCessdry.

Angler Mail-In Survey

The Sardis Lake creel survey was conducted
from April through Octlober 1995, A total of 295
questionnaires were distributed, and 87 (30%)
were returned. Anglers averaged 19 d tishing in
the spring (N = 76, SD = 17.5}, 12 d in summer
(75, 13.8), 13 d in the fall (74, 16.0). and 4 d in
winter (67, 8.0).

Anglers were asked for their opinion of the cur-
rent length and creel limits and response to hy-
pothetical regulations. I they had fished the lake
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TasLE 1.—Analysis of maximum likelihcod estimates
of survey response bias for ereel and mail-in surveys con-
ducted on Sardis Lake. Mississippi, 1995, The significance
of all variables in explaining model fit was measured by

2 log-likelihood chi-square. and independent variables
were tested by Wald chi-square at P = 0.05. Sample size
was 249,

Variable mensured x° P
All 16,94 (.36
Bank or boat angler 0.4 .52
Type of bait used 0.1 0.94
Number of fish kept 237 0.12
Mileuge .14 071
Travel cost .07 079
Use of specialized poles 0.27 0.61
Race 0.19 10.66
Lse of depth finder 3.60 06
Gender 0.73 .39
Fishing scason 1.37 0.24

for morc than 5 years, they werc also asked what
cffcet on their fishing the new harvest restrictions
may have had. Twelve percent of the anglers sur-
veved had fished Sardis Lake for less than 5 years,
14% had fished the lake for 5-10 years, and 74%
had fished the lake for more than 10 years (N =
85).

Al least 90% of anglers were satisfied with pre-
sent size and creel limits {Table 2). Although no
large change in numbers of crappies caught was
noted, over 60% of crappie anglers believed that
average crappic size was larger. and over 70% be-
lieved crappie fishing would improve within 3
years,

Seventy-five percent of crappie anglers would
fish less or quit fishing if the daily creel limit was
reduced o 10 crappies/d. but almost 90% would
not change their level of fishing effort, even if they
could keep 40 or 50 crappies/d (Table 3). Anglers
did not indicate they would change fishing effort
if the length limit was less than 31 cm, but 50%
would fish less or quit fishing if the limit was 31
cm.

Feonomic Survey

Due to the 30% response rate on mail-in sur-
veys, information on the number ot trips per year
made by anglers was obtained from creel surveys.
This change aliowed all individuai TCM data to
be gathered during the onsite survey. Trip infor-
mation from mail and creel surveys were combined
for TCM analysis. The total combined sample size
for the TCM analysis was 177 (67 mail surveys
and 110 creel surveys),

The results of the nonlinear regression indicated
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TasLi 2.—Responses (%) to questions abour satisfaction with current harvest restrictions. changes in effort. and
perceptions of the crappies fishery by anglers in Sardis Lake. Mississippi. 1995,

Number
of
responses Percentages by response oplion o guestion
How satisfied are you with the current bag limit ot 30 crappie/person/day?
53 Not satistied = 2 Slightly satistied = 6 Sutisficd = 40 Very satistied — 52
How satisfied are you with the crappie length limit of 10 inches?
83 Not satisfied = 6 Slightly satixfed = 4 Satished — 34 Very sansfied — 56

Have the new lengih and bag limit regulations on crappie caused you (o fish more or less often on Sardis Take?

73 Much less — 1) less = 1

Samie = 74

More — 23 Much niore = 2

Are you catching more or less crappies now than before the length and bag limits?

73 Much less — 4 less = 12

Same — 32

More = 27 Much more — 4

Are vou catching bigger crappies now than before the length and bag limits?

74 Much smaller — O Smualler = 3

Same = 31

Bigger = 57 Much bigger = 7

Do you think that 5 years from now crappie fishing will be better or worse because of the length and bag limits?

79 Much worse = 3 Worse — 4

Same = 19

Berter = 51 Much beter — 23

the independent variable, trips per year, explained
a significant amount of variation in cost per trip
(T = —=524, r = 031, P = 0.001). The slope of
the regression indicated number of trips declined
as cosl increased (Figure 1). The mean number of
annual trips was 46.66 (8D = 47.6%). Mcan ex-
penditure estimated lrom the TCM model was
$29.48/crappie-angler trip, and average consumer
surplus per was $8.88/trip (Figure 1). Consequent-
ly. based on the TCM. total willingness-to-pay for
Sardis Lake crappie anglers was $38.36/trip.

Aggpregate Demand

There were 73,212 crappie fishing trips made
from April to October 1995, and the proportional
effort for the winter months was 2,389 trips. Of
the total annual estimate of 75,601 trips, 73% oc-
curred from April through June.

TanLL 3.—Survey responses (%) to hypothetical creel
and length lmits. Sardis Lake. Mississippi. 1995,

Response percentage

Sample Fish Quit
Limit size more  No change I1ish less fishing
Creel (numbery
0 0 2 16 11 71
10 71 3 22 44 3l
20 7 3 02 a0 3
0 77 4 it 3 3
S0 73 3 BY 7 2
l.ength {in)
None 62 3 0 3 2
8 67 4 9() 4] 8]
11 77 3 97 { 1]
12 oy 1 18 44 7
13 o9 1 44 38 17

Based on estimates of annual aggregate demand
and angler total willingness-to-pay generated by
the TCM. the annual gross willingness-to-pay
(GWP) of the Sardis Lake crappie fishery was $2.9
million in 1995, Bascd on the TCM estimate of
average consumer surplus. consumer surplus (eco-
nomic value after expenses) was $671.000.

Effects of hypothetical harvest restrictions on
the economic value ol the Sardis Lake crappie fish-
ery were estimated by altering aggregate demand
derived from the mail-in survey. Three scenarios
were analyzed: a creel limit of 10 crappies/d. a
creel limit of 20 crappies/d. and a minimum length
limit of 31 em. Analysis of possible changes in
individual consumer surplus for each scenario in-
dicated no significant differences in intereept and
slope estimates. Therefore, the three estimates
consumer surplus were not statistically different
{Table 4). so changes in aggregate value were
based on the unadjusted TCM consumer surplus
and GWP estimatcs.

Under a creel limit of 20 crappics/d, 2.960 fewer
trips could be expected resulting in an annual re-
duction in both consumer surplus and GWP of ap-
proximately 4% (526,300 and $113.500, respec-
tively; Table 5). The net change in out-of-pocket
expenses was about 7% ($126,000). Under a creel
limit of 10 crappies/d. about 24,986 fewer trips
could be expected, resulting in an annual reduction
in both consumer surplus and GWP of approxi-
mately 33% ($222.000 and $958.000. respective-
ly). The net change in out-of-pocket expenses was
about 39% (5655.000). Under the length limit of
31 cm. 7.035 fewer trips could be expected. caus-
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TapLE 4 —Lincar regression comparison of crappie angler individual trip demand changes for travel-cost-method
estimates of consumer surplus. based on responses of anglers to hypothetical creel and length limis for the crappic
tishery. Data from creel surveys and mail-in surveys on Sardis Lake. Mississippi. 1995, were combined. The varable
LNTRYR is the natural logarithm of trips per year: DMY is a dummy regressor variable identifying adjusted and
unadjusted demand that tests for differences in intercepts between demand estimates: DMYXTR is the interaction
between DM Y1 and LNTRYR. which tests tor differences in slope of the unadjusted and adjusted demand cstimates: ¢

is Student’s r-value.

Creel limit

20/cruppies/d |fcrappics/d [ength limit of 12 in

Variahle ! P P T P
[ntercept 1342 <001 13.04 =20.01] 12,93 < (.01
LNTRYR =377 =001 —3.67 =0.01 —3.66 =01
DMY 1 0.06 0.95 —-194 .06 —1.44 0.25
DMYXTR =10 0.92 1.36 0.12 1.10 0.28

ing an annual reduction in both consumer surplus
and GWP of about 9% ($61.900 and $270.000.
respectively). The net change in out-of-pocket ex-

penses. cxcluding lodging. was about 16%
(5261,0000.
Conclusions

Angler Surveys

Although the number of responses was lower
than anticipated. we think survey results are still
uscfui particularly with respect to magnitude and
direction of change. Survey results indicated the
majority of crappic anglers perceived the current
harvest regulations 1o be satisfactory and believed
the regulations have improved the fishery, Most
crappie anglers experienced no change or an in-
crease in effort in response to current length and
creel limits compared with prior regulations. Re-
actions to hypothetical changes in either length or

TABLE 5.— Estimated increase (+) or decrease {—) in
the annual number of trips and censumer surplus (rounded
10 the nearest 10(h for crappie anglers, based on respanses
to hypothetical length and creel limits, Sardis Lake, Mis-
sissippl. 1995,

Percentage
change

Change in

Change in annual consumer

Limit number of rips inorips surplus (US$)
Creel tnumber)
0 54.357 =719 —482.500
10 —24.986 =331 =222 000
20 —2.060 -39 26.300)
40 =2.041 20 — 18.000
30 2,192 29 —19.500
Langth tim
None —1.285 -1.7 11,400
8 -6l -(1.08 =500
11 =08 BN +900
12 T35 -9.3 —61.500
13 —1-L515 —19.2 = 128800

creel limits were mixed, but in generai a decrease
in participation was predicted for any change in
limits, regardless of whether they were made more
liberal or more restrictive. Crappic anglers indi-
cated a pronounced negative response to changes
in creel limits below 20 crappies/d. Angler re-
sponses to hypothetical creel limits trom our study
arc supported by Cook et al. {2001), who indicated
that creel limits low enough to effectively limit
harvest may be socially unacceptable. Conversely,
anticipated reaction to changes in length limits
were relatively modest, indicating length Timits
may gain acceptance with anglers over time.

A general resistance to change in harvest re-
strictions was apparent in this study. whether the
restrictions were made more liberal or more re-
strictive. However, acceptance or rejection of hy-
pothetical regulations over time is unknown.
Based on anccdotal evidence, some resistance was
registered before implementation of the current
regulations, which now garner strong support. This
suggests thal regulations gain acceptance with
time if they are perceived Lo produce tangible ben-
efits, such as more or larger fish.

Economics

The TCM estimate of average consumer surplus
of $8.88/trip was within the range of results of
other studies (AFS 19923, Palm and Malvesiuto
(1983) reported an average consumer surplus of
$10.80/d for crappie anglers on West Point Res-
crvoir, Alabama. Cole at al. (1986} reported a val-
ue of $10.14/d for warmwater anglers fishing res-
ervoirs on the Rio Grande River. New Mexico.
Both of these studies used the TCM mcthod for
estimating consurner surplus.

Estimates of changes in consumer surplus and
aggregate demand indicate the Sardis Lake crappie
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fishery would be significantly affected by reducing
creel limits 1o a level that would affect crappie
population structure (<0 I5/crappies/d. Mitzner
1984; = 6 crappies/d, Cook et al. 2001). Recrea-
tional value of the crappie fishery would be re-
duced by about a third for a creel limit of 10 crap-
pic/d. However, changes in length limits are not
likely to produce significant changes in angler de-
mand and consumer surplus, unless the limits are
31 em or greater.

The large reductions of crappic fishery value in
reaction to changes in creel limits may be due to
anglers use of creel limits as a measure of their
success and angling skill (Noble and Jones 1993:
Cook et al. 2001). The reduction in fishery value
also highlights the disparity between anglers per-
ceptions and biological evidence about the effec-
tiveness of creel limits for enhancing fish popu-
lation structure (Radomski et al. 2001).

The evidence of economic responses to changes
in regulations support continuance of the crappic
harvest restrictions in effect for Sardis Lake during
our study. Our findings indicate that creel limit
reductions would not be an acceptable manage-
ment tool for the Sardis Lake crappie fishery. Re-
action to length limits was not as pronounced and
may be an option for managing the crappie fishery.

Management Implications

Biological information concerning the effect of
current length limits on Sardis Lake is mixed. Mi-
randa et al. (1996) found increased growth of age-
0 and age-1 black crappies P. nigromaculatus and
age-0-2 white crappies P. annularis [ollowing im-
plementation of the 25 em length limit. Miranda
ct al. (1996) suggested incrcascd growth of these
age-classes may have occurred because popula-
tions werc not at carrying capacity and density
dependent factors were not limiting growth rates
of fish protected by the length limit.

Mitzuer (1984) indicated that creel limits are
ineffective in changing crappie population struc-
ture unless they are less than 15 crappies/d. Cook
et al. {2001) suggest even more severe creet limits
(=6 crappies/d) to effect changes in population
structure of crappies in Minnesota lakes. This,
combined with information provided by Miranda
et al. (1996), suggests that the reduction in creel
limits from 50 to 30 in 1992, probably had little
effect on population characteristics of crappies in
Sardis Lake.

Increased growth of black crappies and white
crappies following implementation of the length
limit and large fluctuations in recruitment suggest
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the limiting factor on the Sardis [Lake crappie pop-
ulation may not be expleitation (Meals and Mi-
randa 1991; Miranda et al. 1996). Population char-
acteristics supported continuing the current length
and creel limits for white crappies but did not for
black crappies {Miranda et al. 1996}, However. due
to the difficulty in managing each species scpa-
rately, continuance ol current regulations for both
species were recommended.

Options that were not explored in this study in-
clude slot limits, gear restrictions. and closed sca-
sons. Evidence from Sardis Lake and other Mis-
sissippi lakes and reservoirs concerning size sc-
lectivity associated with crappie angling suggest
that slot limits and season or gear restrictions may
be effective in enhancing characterisiics of erappie
populations (Miranda and Dorr 2000). However,
resistance to thesc regulations by crappie anglers
is unknown. A preliminary survey exploring the
possible response to such regulations would pro-
vide a baseline reference of support or oppoesition.
Educating anglers about the importance of the reg-
ulations to the fishery could be beneficial in es-
tablishing acceptance of any proposed reguiations.

Qur data suggest more restrictive length Iimits
as the most favorable tool for managing the Sardis
Lake crappie fishery. Conversely, creel limits as a
management tool may be approaching a point of
diminishing returns. Potentially. large decreases in
value of the crappie fishery to its users and po-
tentially small gains in population structure of
crappics may limit the management options as-
sociated with creel limits.

Enactment of more or less restrictive regulations
in the Sardis Lake crappie fishery may not be ben-
eficial to the crappie population or to anglers. un-
less exploitation increases substantially. Biologi-
cal and sociocconomic information support con-
tinuing the current regulations on the Sardis Lake
crappie fishery. However, acceptance of alterna-
live restrictions. such as slot limits and gear or
season restrictions, should be explored if exploi-
tation is judged excessive,
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